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Abstract
Purpose Femoral rotation in total knee arthroplasty (TKA) is hypothesized to vary in the same knee depending on the 
method used to establish it.
Methods Thirty-eight patients who underwent TKA surgery using a measured resection technique (RT) were compared with 
40 patients who underwent a flexion-gap balancing technique with computer-assisted (for navigation) surgery (FB-CAS) to 
assess clinical and radiographic alignment differences at two years postoperatively. In 36 of the 40 patients in the FB-CAS 
group, both methods were used. Intraoperatively, the transepicondylar femoral rotation (TEFR) in reference to the tran-
sepicondylar axis was established as the rotation that balanced the flexion gap. Once the TEFR was obtained, an analogous 
rotation as measured by a posterior reference femoral rotation (PRFR) cutting guide was determined.
Results Femoral component rotation determined by the TEFR and PRFR methods differed in each of the knees. The median 
TEFR was 0.08°±0.6° (range − 1.5°, 1.5°), and the median PRFR was 0.06°±2.8° (range − 6°, 5°). The mean difference in 
the rotational alignment between the TEFR and PRFR techniques was 0.01° ± 3.1°. The 95% limits of agreement between 
the mean differences in measurements were between 6.2° external rotation and − 6.1° internal rotation. At 2 years postop-
eratively, we found no differences in the radiographic or clinical American Knee Society score between the two groups.
Conclusion Rotation of the femoral component in TKA can vary in the same knee depending on the surgical method used 
to establish it. This variation in femoral rotation is sufficiently small enough to have no apparent effect on the 2-year clinical 
outcome score.
Level of evidence II.
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Abbreviations
TKA  Total knee arthroplasty
RT  Measured resection technique
FB-CAS  Flexion gap-balancing technique with com-
puter-assisted surgery
TEFR  Transepicondylar femoral rotation
PRFR  Posterior reference femoral rotation
AKS  American Knee Society score
IR  Internal rotation
ER  External rotation
Introduction
Malalignment of total knee arthroplasty (TKA) components 
in the coronal, sagittal, and axial planes alters knee biome-
chanics and peak contact forces [3] and increases the risk 
of poor functional outcome. The rotational alignment of the 
femoral component has a direct impact on patellar tracking 
and flexion gap balance, and it can influence patellar stabil-
ity and wear, knee flexion stability, range of motion [17], 
and polyethylene wear [3]. However, it is unclear whether 
the best practise is to insert a femoral component to repro-
duce the patient’s anatomic femoral rotation or to insert the 
component in a new way to accommodate the joint kinet-
ics and kinematics created by the bone resections, implant 
geometry, implant placement, and ligament releases [13]. 
It is also unknown how best to create the proper alignment 
once a goal is established.
Computer-assisted surgery (CAS) can improve TKA 
alignment in the frontal and sagittal planes [4, 10, 14, 28], 
although it is unclear whether CAS increases implant survi-
vorship [14]. Patient-specific guides have shown conflicting 
results that question whether they improve the accuracy of 
component alignment [25] or femoral rotation [7] compared 
with the traditional mechanical guides or results that suggest 
patient-specific guides may reduce outliers in all planes, but 
lead to weakness in sagittal orientation [15].
The literature reflects a growing interest in establishing 
whether navigation improves rotational alignment relative to 
the traditional mechanical guides and whether it more accu-
rately reproduces the true anatomical femoral rotation axis 
[10, 19, 23, 26, 28]. Some studies favour navigation, includ-
ing those comparing pre- and post-operative femoral rotation 
on computer tomography (CT) scans in CAS surgery [23] 
or those comparing CAS versus standard techniques [10]. 
Other studies question the usefulness of navigation, includ-
ing those analysing the transepicondylar femoral rotation 
(TEFR) angle with post-operative CT [28], reviewing the 
effectiveness on CT femoral rotational alignment between 
imageless CAS and traditional TKA [19], and characterising 
the variability associated with femoral rotation obtained by 
CAS with respect to traditional techniques used on cadaveric 
specimens [26].
A systematic review of 17 studies [19] comparing the 
femoral rotation obtained by CAS with the traditional tech-
niques found that the authors did so in different knees with-
out taking into account the influence of knee anatomy [20], 
deformity due to degenerative changes [5, 16], and/or small 
[5, 9] or large [9, 16, 24] ligament release. To avoid these 
factors, a comparison of femoral rotation obtained by differ-
ent techniques should be made in the same knee during the 
same surgical procedure [7, 9, 15]. No study has evaluated 
whether navigation will establish a different femoral rotation 
alignment compared with the traditional mechanical guides 
in the same knee during the same surgical procedure.
This study investigated whether the femoral rotation 
established by CAS and a classic posterior referencing cut-
ting guide would differ in the same knee during the same 
surgical procedure. A second objective was to ascertain 
whether the short-term functional clinical scores would dif-
fer between the two techniques.
Materials and methods
A prospective, non-randomised, study was performed in 
78 patients with painful primary osteoarthritis, who were 
non-responding to non-operative treatment and undergoing 
TKA with a maximum of 10° fixed varus or valgus align-
ment. Patients who met the requirements and accepted to 
participate were consecutively recruited to the first group 
and then to the other, but excluding all patients who had 
previous fractures of the femur or tibia or who had previous 
tibial or femoral osteotomy to avoid any degree of rotational 
alteration.
The clinical scores and radiographic alignment of a group 
of 38 patients who underwent TKA surgery by a measured 
resection technique (RT) that used a posterior referenc-
ing cutting guide were compared to a second group of 40 
patients who were operated on using a flexion-gap-balancing 
technique with computer-assisted surgery (FB-CAS). Five 
patients in the RT group and one patient in the FB-CAS 
group were lost to follow-up at 2 years post-operatively due 
to medical issues; in one patient in each group, the radio-
graphic alignment could not be evaluated due to loss of post-
operative radiographs. The average age was 69.9 ± 7.4 and 
70.2 ± 6.7 years in the RT and FB-CAS groups, respectively. 
Twenty-nine women were in the RT group and thirty-one 
were in the FB-CAS group. Nineteen patients in the RT 
group and twenty-three in the FB-CAS group underwent 
surgery on the right knee.
To establish the differences in rotational alignment 
achieved between the two methods, rotational alignment in 
36 of the 40 patients in the FB-CAS group was determined 
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using both methods, but the implants were inserted using 
the FB-CAS method. It was presumed that the mean and 
variations in the differences between the two methods would 
apply to any differences in both the RT group (38 patients) 
and FB-CAS group (40 patients).
A single surgeon (JAHH) performed all surgical proce-
dures with a cemented PS  ScorpioR (Stryker, Mahwah, NJ, 
USA) prosthesis. Antibiotic and thromboembolic prophy-
laxis was used in all patients. All were operated under tour-
niquet with a parapatellar approach, and all underwent the 
same post-operative protocol. Patellar resurfacing was per-
formed in all procedures by subluxing the patella. The drain 
was removed after 24 h, and passive and active knee motion 
was initiated immediately, allowing sitting and ambulation 
to be tolerated.
In the RT group, bone cuts were first performed, fol-
lowed by ligament balancing in extension. The proximal 
tibia cut was made perpendicular to the mechanical axis in 
the antero-posterior (AP) and sagittal planes with the aid 
of an extramedullary guide. The distal femoral cut, perpen-
dicular to the mechanical axis in the AP and sagittal planes, 
was performed with the aid of an intramedullary guide. 
Three degrees of external femoral rotation were applied in 
all patients with a posterior referencing cutting guide that 
allowed a range of external to internal rotation (IR) from 0° 
to 9°. The external rotation (ER) of the guide was always 
3° of ER and was not adjusted regardless of varus or val-
gus alignment. Staged ligamentous releases to balance 
flexion–extension gaps were performed as needed. In varus 
knees, the deep medial collateral ligament was released after 
medial arthrotomy by removing approximately 1 cm of peri-
osteum from the tibia. All medial osteophytes were removed. 
A minor release of the posterior medial capsule was per-
formed if the knee was tight. Rarely, a major release of the 
superficial medial collateral ligament or semimembranosus 
was needed. The valgus knees were balanced, removing all 
lateral osteophytes, and a minor release of the lateral poste-
rior capsule was performed if the knee was tight. No major 
releases of the popliteus tendon, fibular ligament, or lateral 
intermuscular septum on the femur were needed. No lateral 
releases or additional femoral recuts were performed.
In the FB-CAS group, we used a wireless image-free 
CAS system (Stryker NAV3i platform) with OrthoMap-
PrecisiónR (Botzinger STR, 41.7911; Freiburg, Germany) 
knee navigation software. We then placed the active wire-
less trackers bicortically, one in the femur and another in 
the tibia, and palpated the medial and lateral epicondyles 
with an optically tracked stylus that allowed us to establish 
the transepicondylar axis and subsequently map the distal 
surface of the epicondyles to digitally simulate the patient’s 
anatomy and bone cuts. The proximal tibia cut was perpen-
dicular to the mechanical axis in the AP and sagittal planes. 
The distal femoral cut was perpendicular to the mechanical 
axis in the AP plane and flexed to 3° of flexion in the sagittal 
plane. Staged ligament releases were performed to balance 
the extension gap as described above, with the help of a 
manual tensor device until a rectangular gap was obtained 
with tensed medial and lateral ligaments and a neutral 
mechanical axis (Fig. 1a). The flexion gap was balanced at 
90° of knee flexion using a manual tensor ligament device 
by simulating computer changes in the size and rotation of 
the femoral component (Fig. 1b). No major releases of the 
popliteus tendon, fibular ligament, or lateral intermuscular 
septum on the femur were needed. No lateral releases or 
additional femoral recuts were performed.
Among the 36 patients in the FB-CAS group, the TEFR 
was obtained as the rotation in degrees that balanced the 
flexion gap in relation to the optimal value of 0° of the 
established CAS transepicondylar axis (Fig. 1b). Once the 
TEFR was determined, the free active wireless tracker was 
inserted in a posterior referencing cutting guide to determine 
the rotation value of the cutting guide that was equivalent 
to the previous TEFR value in the same knee during the 
same surgical procedure (Fig. 1c). Assuming that there was 
a consistent relationship of 3° of ER between the transepi-
condylar axis and the posterior condylar axis, in an ideal 
situation 3° of ER of the posterior referencing cutting guide 
corresponds with 0º of rotation about the transepicondylar 
axis. We subtracted 3° of ER from the posterior referencing 
cutting guide rotation to obtain the rotation in degrees that 
balanced the flexion gap in relation to the optimal value of 0° 
of the established CAS transepicondylar axis. This rotation 
was called the posterior reference femoral rotation (PRFR).
In each of the 36 knees assessed with both approaches 
during the same surgical procedure, we compared the 
degrees of femoral component rotation to balance the flexion 
gap achieved by the TEFR and PRFR methods against the 
optimal value of 0° of the established CAS transepicondy-
lar axis. After verifying the normal distribution of the dif-
ference between the two methods (using the Shapiro–Wilk 
test), the agreement between the measurements obtained 
from the TEFR and PRFR techniques was assessed with the 
Bland–Altman method [2]. The 95% limits of agreement 
were estimated by the mean difference ± 1.96 standard devia-
tions (SDs) of the differences.
One blinded observer (DRM) not involved in the surgi-
cal procedures examined all patients using the American 
Knee Society (AKS) clinical [11] and radiographic [6] 
protocols at the 2-year post-operative follow-up, during 
which post-operative AP weight-bearing radiographs and 
lateral and 30º axial knee radiographs were acquired for all 
patients. On the radiographs, the AP femoral and tibia com-
ponent angle, AP total knee angle, lateral femoral compo-
nent angle, lateral tibia component angle, axial 30° patellar 
angle, and patellar height were determined. Radiographic 
measures were taken with a semiautomatic software system 
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Fig. 1  a CAS extension gap 
balancing. A computer screen 
image shows virtual exten-
sion gap balancing to obtain 
a rectangular extension gap 
and a knee mechanical axis 
with 0° of varus or valgus. b 
CAS flexion gap balancing. A 
computer screen image shows 
virtual flexion gap balancing to 
obtain a rectangular flexion gap 
equal to the extension gap; a 1° 
of internal TEFR was needed in 
this case. c Posterior referenc-
ing cutting guide and the CAS 
tracker. The free active wireless 
tracker was inserted into a 
posterior referencing cutting 
guide to determine the PRFR 
value in this device that was 
equivalent to the previous TEFR 
value in the same knee during 
the same surgical procedure. 
We subtracted 3° of external 
rotation from the posterior ref-
erencing cutting guide femoral 
rotation to obtain the rotation of 
this device (in degrees) that bal-
ances the flexion gap in relation 
to the optimal value of 0° of the 
established CAS transepicondy-
lar axis. This rotation was called 
the posterior reference femoral 
rotation (PRFR)
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(RAIM  Viewer® version 2.5.0.511). All patients completed 
an informed consent form; the authors of Hospital Ethics 
Committee approved this work (institutional review board 
approval number AC-14-033) that was performed according 
to the ethical standards of the 1964 Declaration of Helsinki 
and its later amendments.
Statistical analysis
The normal distribution of the data was confirmed using 
the Shapiro–Wilk test. With an α-level of 0.05, a β-level of 
0.20 (80% power), and with an estimated difference set at 
mean + 1.96 SD and a maximum allowed difference between 
methods set at 13°, a desired sample size of 36 was cal-
culated using MedCalc statistical software version 19.0.3 
(MedCalc Software bvba, Ostend, Belgium) to assess agree-
ment between the two methods of measurement using the 
Bland–Altman test. Qualitative clinical variables and radio-
graphic quantitative variables are presented descriptively as 
the arithmetic means, standard deviations, 95% confidence 
intervals of the means, and minimum and maximum of the 
evaluated values (Tables 1 and 2). The differences in clini-
cal and radiographic variables between the two groups were 
analysed using ANOVA for equality of variances. The analy-
ses were performed using statistical software  IBM®  SPSS® 
version 24.0 (IBM Corp.; Armonk, NY, USA). The statisti-
cal significance was set at P < 0.05.
Results
Femoral component rotation by the TEFR and PRFR meth-
ods differed in the knee of each patient (Fig. 2). The median 
TEFR was 0.08° ± 0.6° (range − 1.5°, 1.5°), and the median 
PRFR was 0.06° ± 2.9° (range − 6°, 5°).
The mean difference of the rotational alignment between 
the TEFR and PRFR techniques was 0.01° ± 3.1°, with 95% 
limits of agreement of the mean differences in measurements 
expected to fall between 6.2° ER and − 6.1º IR.
We found no difference (n.s.) in the short-term AKS 
total score between the RT and FB-CAS groups (Table 1). 
AKS pain and AKS functional scores were also similar in 
both groups. There were no differences (n.s.) in the range 
of motion between the RT and FB-CAS groups, 102° ± 16° 
and 106° ± 12°, respectively.
In the radiographic analysis (Table 2), there were no dif-
ferences between the RT and FB-CAS groups in AP total 
angle (n.s.), AP femoral component angle (n.s.), AP tibial 
component angle (n.s.), lateral tibia angle (n.s.), axial 30º 
patellar angle (n.s.), or patellar height (n.s.). We found a 
difference of 1.39° (P = 0.00) in the lateral femoral compo-
nent angle between the RT and FB-CAS groups due to the 
surgical technique.
Discussion
The most important finding of the present study is that there 
was a discrepancy in the femoral component rotation in TKA 
depending on the technique chosen in the same knee during 
the same surgical procedure, although the difference in the 
rotational alignment between the two techniques was small 
and unlikely of any clinical importance. There are several 
methods to establish total knee femoral component rotation 
using different anatomical knee reference axes or planes 
[12], but apparently none of the methods produce femoral 
component rotation in a precise and reproducible way [26, 
28, 29]. There is no consensus regarding the usefulness of 
navigation to reproduce [10, 23] or to not reproduce [19, 
26, 28] femoral rotational malalignment. Rarely, the femoral 
rotation obtained by different techniques has been studied 
Table 1  Patient clinical data
AKS American knee society score, RT measured resection technique with posterior referencing cutting 
guide, FB-CAS flexion-bearing technique computer-assisted surgery
N Mean Standard 
deviation
Sig. 95% confidence interval for 
mean
Minimum Maximum
Lower bound Upper bound
AKS pain
 RT 33 42.2 12.1 0.61 37.9 46.5 8 50
 FB-CAS 39 43.6 10.6 40.2 47.0 16 50
AKS function
 RT 33 77.7 19.7 0.12 70.7 84.7 36 100
 FB-CAS 39 70.7 18.6 64.7 76.7 36 100
AKS Total
 RT 33 161.6 23.9 0.83 153.1 170.1 82 186
 FB-CAS 39 160.5 20.3 153.9 167.1 111 188
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in the same surgical procedure [7, 9, 15] or knee [26], but 
no study has determined whether navigation will establish 
a different femoral rotation alignment compared with the 
traditional mechanical guides in the same knee during the 
same surgical procedure.
In a systematic review of randomised and non-randomised 
control trials comparing CAS TKA with conventional TKA, 
Meijer et al. [19] found a mean difference in femoral rota-
tion from − 0.64° to 1.9° and a 95% confidence interval 
between − 1.09° IR and 2.44° ER. We cannot directly com-
pare these findings with ours, because they analysed the dif-
ference in femoral rotation with respect to the anatomical 
transepicondylar axis on the post-operative CT images in 
different groups and knees, while we analysed the difference 
in femoral rotation with respect to the CAS transepicondylar 
axis in the same knee and surgical procedure. Nonetheless, 
both studies found differences between the two techniques. 
Comparing the femoral rotational alignment obtained with 
the flexion gap versus the posterior condylar reference tech-
nique, Laskin [16] found a relatively consistent rotation of 
3.2° ± 0.3° of ER for neutral and varus knees and a higher 
and less consistent rotation of 10.1° ± 4.2° in knees with 
more than 10° of valgus. Heesterbeek et al. [9] reported sub-
stantial interpatient variability in femoral component rota-
tion, ranging from 4° IR to 13° ER, in patients who under-
went a balanced gap implantation technique referenced from 
the posterior condyles.
The femoral rotation discrepancy likely occurs for sev-
eral reasons. First, the inter-individual variability in the 
angle between the posterior condylar axis and the tran-
sepicondylar axis may contribute to rotational discrep-
ancy [20]. This variability ensures differences in rotation 
between methods based on a predetermined value. The 
second is the imprecision in CAS determination of the 
transepicondylar axis [26, 28]. Third, the increase in IR 
or ER of the distal part of the femur in relation to the tibia 
produced by lateral and medial ligament releases to bal-
ance the gap in extension in varus [5, 9, 24] or valgus [9, 
16] coronal deformities, respectively, may also influence 
rotational discrepancy. This fact will increase the exter-
nal and internal femoral component rotations which are 
needed to balance the gap in flexion. Finally, the size of 
Table 2  Radiographic total 
knee arthroplasty alignment and 
range of motion
AP antero-posterior, RT measured resection technique with posterior referencing cutting guide, FB-CAS 
flexion balance technique computer-assisted surgery
Angle N Mean Standard 
deviation
Sig. 95% confidence interval for 
mean
Maximum Minimum
Lower bound Upper bound
AP femoral
 RT 37 93.5 2.6 0.21 92.6 94.4 86 100
 FB-CAS 39 94.2 2.4 93.4 95.0 88 102
AP tibial
 RT 37 90.2 2.3 0.06 89.4 91.0 85 98
 FB-CAS 39 89.4 1.3 88.9 89.8 86 92
AP total
 RT 37 184.0 2.7 0.62 183.0 184.9 180 190
 FB-CAS 39 183.6 2.7 182.8 184.5 178 192
Lateral femoral
 RT 37 90.7 3.0 0.00 89.7 91.8 84 98
 FB-CAS 39 88.0 2.5 87.2 88.9 84 94
Lateral tibial
 RT 37 90.1 2.4 0.61 89.2 90.9 81 95
 FB-CAS 39 89.9 1.3 89.5 90.3 86 94
Axial 30° patella
 RT 28 4.7 4.2 0.68 3.1 6.4 0 10
 FB-CAS 14 4.1 5.8 0.7 7.5 0 20
Patellar height (mm)
 RT 35 18.5 7.7 0.39 15.8 21.1 5 36
 FB-CAS 39 19.7 4.2 18.3 21.1 10 28
Range of motion
 RT 37 102 16 0.30 97 108 40 120
 FB-CAS 39 106 11 102 109 90 130
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the selected femoral component can alter the femoral rota-
tion; selection of a small component requires increased 
external femoral rotation to compensate for the flexion gap 
relative to a larger femoral component [5].
It remains unclear whether the rotational discrepancies 
between these two techniques can cause clinical problems, 
although any clinical effect of femoral rotation may be influ-
enced by the rotational alignment of the tibial component 
[1]. Mild IR (1°–4°) may cause lateral patellar tracking 
and tilting [1, 18], moderate IR (5°–8°) may cause patel-
lar subluxation [1, 18], and severe IR (7°–17°) may cause 
patellar dislocation or component failure [1, 18]. Excessive 
external femoral rotation is related to increased medial lax-
ity in flexion, increased shear forces on the patella [21], and 
mechanical overload of the medial side of the joint due to 
varus alignment in flexion [8].
In addition, there is controversy regarding the correct 
femoral rotational alignment. There is no consensus on 
whether the femoral rotation should be anatomical (“nor-
mal”) or if a new, “adapted” femoral rotation should be 
used to compensate for alterations created by the bone cuts, 
implant geometry, implant placement, and ligament releases 
[13]. An adapted rotation may create a discrepancy in the 
femoral component rotation alignment when a method using 
the flexion balancing CAS technique is compared with 
another method using a fixed 3° ER posterior condylar axis 
in the same knee.
Despite the discrepancy in femoral rotation produced 
depending on surgical technique, we believe that discrep-
ancies of less than 6° in IR or ER of the femur are con-
sistent with a reasonable clinical outcome or simply do not 
affect the outcome. Nedopil et al. [22] suggested that mis-
matches less than 10º have no clinical effects. However, it 
is conceivable that small imbalances in the flexion gap may 
cause alterations in the distribution of loads in the patella 
femoral joint [27] and in the femoral tibia joint [3], which 
can accelerate polyethylene wear and compromise implant 
survival over time. As in other studies [4, 10], we found no 
differences in the radiographic alignment of the implants 
in the frontal and sagittal planes, although there was less 
dispersion of values in the FB-CAS group. The difference 
in the lateral alignment of the femoral component was due 
to surgical technique, given that, in the FB-CAS group, the 
femoral component was implanted with 3° of flexion.
The design of the study comparing two techniques to 
establish the femoral component rotational alignment in 
the same knee during the same surgical procedure is the 
strength of this study; the anatomic variability and liga-
ment releases were the same for both techniques. This is a 
single-surgeon study that while eliminating any variables 
introduced by multiple surgeons nonetheless assures that 
the anatomic landmarks in CAS were established using 
the same criteria and with the same skill in all patients. 
We note several limitations to our study. First, this is not 
Fig. 2  Femoral rotation measurements values in each patient. Femoral component rotation by transepicondylar femoral rotation (TEFR) and pos-
terior reference femoral rotation (PRFR) methods in each of the 36 patients
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a randomised-controlled trial comparing the techniques 
based on pre- or post-operative computer tomography of 
the knee. Therefore, while we were unable to ascertain 
which technique was the most accurate to reproduce the 
anatomic femoral rotation, the absence of randomization 
did not alter the findings regarding the agreement or vari-
ability between both techniques. Second, the posterior ref-
erencing cutting guide used to measure femoral rotation 
allowed a range of ER to IR from 0° to 9° in 1.5° incre-
ments; when the rotation value was between two settings, 
it was considered 0.5°. The same rotational increment was 
applied to the femoral rotational alignment determined by 
CAS when the value varied between +0.5° and − 0.5°. In 
both techniques, these variations can be a source of inac-
curacy that is attenuated by the large sample size. Third, 
it was impossible to blind the observer for the clinical 
examination due to the scars of the CAS tracker in the 
tibia used in the FB-CAS group, but he was blinded for the 
radiographic measurements. Finally, we assumed that any 
differences found using both methods in the same knees 
would apply to the differences found in different knees. We 
are confident that this happens due to the uniformity of a 
single-surgeon surgical technique.
It is clinically relevant to know that different femoral 
rotation depending on the measured resection or flexion 
balance technique does not produce differences in frontal 
or sagittal TKA alignment or clinical outcomes. Discord-
ance of less than 6º internal or external femoral TKA rota-
tions may not justify revision surgery in a painful TKA.
Conclusion
In conclusion, FB-CAS versus posterior condylar axis 
referencing at a fixed ER of 3° resulted in differing rota-
tional placements of the femoral component. A discrep-
ancy in femoral component rotation of less than 6° of IR 
or ER appears to have no effect on the coronal and sagit-
tal alignments of the prosthesis or the short-term clinical 
follow-up.
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